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(57) ABSTRACT

An uninterruptible power supply unit includes: an input/
output terminal connected 1n parallel with a power supply
line which supplies power from an external power supply to
a load device; a battery unit whose rated voltage 1s a voltage
equal to a voltage of the external power supply; a DC/DC
converter for converting the voltage of the external power
supply 1nto an output voltage corresponding to a difference
between the rated voltage of the battery unit and the charg-
ing voltage of the battery unit; a charging circuit for charg-
ing the battery unit with a voltage equal to the voltage of the
external power supply added with the output voltage of the
DC/DC converter; and a discharging circuit that discharges
power to the load device from the battery unit through the
input/output terminal in the event that the external power
supply 1s interrupted.

2 Claims, 2 Drawing Sheets
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1
UNINTERRUPTIBLE POWER SUPPLY UNIT

TECHNICAL FIELD

The present invention relates to an uninterruptible power
supply unit.

BACKGROUND ART

An uninterruptible power supply unit 1s a power supply
unit that supplies power to a load device from a secondary
battery which 1s charged 1n advance to allow the load device
to continue its operation when power supply to the load
device from an external power supply 1s discontinued due to
a power breakdown, etc. It 1s general that the secondary
battery for the uninterruptible power supply unit 1s charged
with power of an external power supply during normal time.
As an example of the secondary battery used for the unin-
terruptible power supply unit, for example, an alkaline
secondary battery such as a nickel-hydrogen secondary
battery 1s publicly known.

An alkaline secondary battery, by its nature, needs to be
charged with a voltage higher than its rated voltage. How-
ever, 1n general, 1n an uninterruptible power supply unit, the
rated voltage of the alkaline secondary battery 1s a voltage
same as the voltage of the external power supply. For that
reason, 1t 1s not possible to charge the alkaline secondary
battery to a fully charged state with the power of the external
power supply as 1t 1s.

Under these circumstances, an uninterruptible power sup-
ply unit equipped with an auxiliary power supply (DC/DC
converter) for boosting the voltage of the external power
supply 1s publicly known. To be more specific, when the
alkaline secondary battery 1s charged, the voltage of the
external power supply 1s boosted by an auxiliary power
supply and the alkaline secondary battery 1s charged with the
boosted voltage. As a result of this, even if the alkaline
secondary battery has a rated voltage which 1s same as the
voltage of the external power supply, 1t 1s possible to charge
the alkaline secondary battery to a tully charged state with
a voltage higher than the rated voltage. Moreover, as an
example of technique which utilizes an auxiliary power
supply, though which 1s not an uninterruptible power supply
unit, a motor control unit 1n which the amount of power
which can be supplied to an electric motor 1s increased by
the auxiliary power supply when power demand of the
clectric motor temporarily increases 1s publicly known (for
example, see Patent Document 1).

However, the conventional art which boosts the voltage of
the external power supply with an auxiliary power source,
and charges the alkaline secondary battery with the boosted
voltage has a problem 1n that significant power loss occurs
during charging. Moreover, in such the conventional art,
heat generation of the auxiliary power supply caused by the
power loss may lead to a problem 1n terms of the reliability
of the uninterruptible power supply umt. To address such
problem, for example, there 1s publicly known a charging
control unit for performing split charging control, 1n which
when a secondary battery including a plurality of unit cells
connected 1n series 1s charged, some of the plurality of unit
cells are selectively connected to a power converter (for
example, see Patent Document 2). Since the charging con-
trol unit for performing such split charging control selec-
tively charges a plurality of unit cells constituting the
secondary battery, 1t 1s possible to use a smaller-scale power
converter. Since, thereby the charging control unit for per-
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forming split charging control can decrease power loss 1n the
power converter, 1t can reduce the heat generation of the

power converter.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Laid-Open No.
2013-110899

Patent Document 2: Japanese Patent Laid-Open No.
2009-296820

SUMMARY OF TH.

INVENTION

(L]

Problems to be Solved by the Invention

However, since the charging control unit for performing
the above described split charging control performs time-
division charging in which a plurality of unit cells consti-
tuting the secondary battery are selectively charged, there 1s
a possibility that it takes long hours to charge the secondary

battery to a fully charged state.
The present invention has been made in view of the above

described situation, and 1ts objective 1s to provide an unin-
terruptible power supply unit which can be charged in a
short time without generating much heat.

Means for Solving the Problems

<First Aspect of the Present Invention™>

A first aspect of the present invention 1s an umnterruptible
power supply unit, comprising: an input/output terminal
connected 1n parallel with a power line for supplying power
from an external power supply to a load device; a battery
unit whose rated voltage 1s a voltage same as a voltage of the
external power supply; a voltage converter that converts the
voltage of the external power supply nto a voltage corre-
sponding to a difference between the rated voltage of the
battery unit and a charging voltage of the battery unit; a
charging circuit that charges the battery unit with a voltage
equal to the voltage of the external power supply added with
the output voltage of the voltage converter; and a discharg-
ing circuit that discharges power from the battery unit to the
load device through the mput/output terminal 1n an event
that the external power supply 1s interrupted.

Here, the charging voltage of the battery unit 1s a voltage
higher than the rated voltage of the battery unit, and a
voltage needed for charging the battery unit up to a fully
charged state. On the other hand, the voltage of the external
power supply 1s a voltage same as the rated voltage of the
battery unit. For that reason, 1t 1s not possible to charge the
battery unit with the voltage of the external power supply as
it 1s.

The voltage converter converts the voltage of the external
power supply into a voltage corresponding to a difference
between the rated voltage of the battery unit and the charg-
ing voltage of the battery unit. Then the charging circuit
charges the battery unit with a voltage equal to the voltage
of the external power supply added with the output voltage
of the voltage converter. Since, thereby the battery unit can
be charged with the charging voltage of the battery unait,
there 1s no need of performing time-division charging con-
trol as 1n the conventional art. Therefore, 1t 1s possible to
charge the battery unit up to a fully charged state in a short
time.
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Thus, since 1n the present invention, the voltage of the
external power supply i1s converted mto a voltage corre-
sponding to a diflerence between the rated voltage of the
battery unit and the charging voltage of the battery unit, 1t 1s
possible to significantly reduce power loss which occurs in
the voltage converter compared with the conventional art in
which the voltage of the external power supply 1s boosted.
Thereby, 1t 1s possible to significantly reduce the heat
generation of the voltage converter than 1n the conventional
art.

Thus, the first aspect of the present invention can achieve
an advantageous eflect that 1t 1s possible to provide an
uninterruptible power supply umt which can be charged in
a short time without generating much heat.

<Second Aspect of the Present Invention>

A second aspect of the present invention 1s an uninter-
ruptible power supply unit, comprising: an input/output
terminal connected 1n parallel with a power line that supplies
power from an external power supply to a load device; a
battery unit which includes a first battery pack and a second
battery back, which are connected 1n series, wherein a rated
voltage of the battery unit 1s a voltage same as the voltage
of the external power supply; a voltage converter that
converts the voltage of the external power supply into a
voltage corresponding to a difference between the rated
voltage of the battery unit and the charging voltage of the
battery unit; a charging circuit that charges the first battery
pack with the output voltage of the voltage converter, and
charges the second battery pack with the voltage of the
external power supply; and a discharging circuit that dis-
charges power from the battery umt to the load device
through the input/output terminal in an event that the exter-
nal power supply 1s iterrupted.

The voltage converter converts the voltage of the external
power supply into a voltage corresponding to a difference
between the rated voltage of the battery unit and the charg-
ing voltage of the battery unit. Then, the charging unit
charges the first battery pack with the output voltage of the
voltage converter, and the second battery pack with the
voltage of the external power supply. This makes 1t possible
to charge the first battery pack and the second battery pack
with the charging voltage of each (voltage higher than the
rated voltage). Further, since the charging of the first battery
pack and the charging of the second battery pack can be
performed 1n parallel simultaneously, there 1s no need of
performing time-division charging control as 1 the conven-
tional art. Therefore, it 1s possible to charge the battery unit
to a fully charged state in a short time.

Further, 1n the present invention, since the voltage con-
verter converts the voltage of the external power supply 1nto
a voltage corresponding to a difference between the rated
voltage of the battery unit and the charging voltage of the
battery unit, 1t 1s possible to significantly reduce power loss
which occurs 1 the voltage converter compared with the
conventional art 1n which the voltage of the external power
supply 1s boosted. As a result, 1t becomes possible to
significantly reduce heat generation of the voltage converter
than in the conventional art.

Thus, the second aspect of the present invention can
achieve an advantageous eflect that 1t 1s possible to provide
an uninterruptible power supply unit which can be charged
in a short time without generating much heat.
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Tects of the Invention

Advantageous E

According to the present invention, it 1s possible to
provide an uninterruptible power supply unit which can be
charged 1n a short time without generating much heat.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram to illustrate a first embodiment
of an uninterruptible power supply unit according to the
present 1nvention.

FIG. 2 1s a circuit diagram to illustrate a second embodi-
ment of the uninterruptible power supply unit according to
the present invention.

MODE FOR CARRYING OUT THE INVENTION

Hereiaiter, embodiments of the present invention will be
described referring to the drawings.

Note that the present invention will not be limited to
embodiments described below, and 1t 1s possible without
saying to make various modifications within the scope of the
invention set forth in the claims of patent.

First Embodiment

A first embodiment of the present invention will be
described referring to FIG. 1.
FIG. 1 1s a circuit diagram to 1llustrate the first embodi-

ment ol an uninterruptible power supply unit 10 according
to the present 1vention.

The unminterruptible power supply unit 10 1s a power
supply unit that supplies power to a load device 30 to
continue the operation of the load device 30 in the event that
power cannot be supplied from an external power supply 20
to the load device 30 due to power interruption, etc.

The uninterruptible power supply unit 10 of the first
embodiment includes an input/output terminal 11, a battery
umt 12, a DC/DC converter 13, a charging circuit 14, a
discharging circuit 15, and a control unit 16.

The input/output terminal 11 1s connected in parallel with
a power supply line 21 that supplies power from the external
power supply 20 to the load device 30. Here, the external
power supply 20 1s, for example, a power supply umt that
converts commercial AC power mto a DC power of voltage
V1. The load device 30 1s an electronic imstrument that
operates with DC power of a voltage V1.

The battery unit 12 1s a battery power supply whose rated
voltage 1s a voltage same as the voltage V1 of the external
power supply 20. The battery unit 12 includes a battery pack
120 which 1s constituted by connecting in series or in
parallel alkaline secondary batteries such as nickel-hydro-
gen secondary batteries. Moreover, the battery unit 12
includes a circuit for detecting the voltage and temperature
of the battery pack 120 (omitted from 1llustration).

The DC/DC converter 13 as a “voltage converter” con-
verts the voltage V1 of the external power supply 20 1nto a
voltage V3 corresponding to a difference between the rated
voltage of the battery unit 12 and the charging voltage of the
battery unit 12. To be more specific, the DC/DC converter 13
1s a step-down DC/DC converter of mput/output msulation
type, which steps down the voltage V1 of the external power
supply 20 to the voltage V3. In the mput side of the DC/DC
converter 13, a “+” terminal 1s connected to the input/output
terminal 11, and a “-” terminal 1s connected to the ground.
Further, 1n the output side of the DC/DC converter 13, a “+”
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terminal 1s connected to one end side of a switch SW1 of the
charging circuit 14, and a “-” terminal 1s connected to the
input/output terminal 11.

The charging circuit 14 includes the switch SW1 and a
diode D1. To be more specific, the charging circuit 14 1s
arranged such that one end side of the switch SW1 1s
connected to the “+” terminal of the output side of the
DC/DC converter 13, and the other end side of the switch
SW1 1s connected to the anode of the diode D1. The cathode

of the diode D1 1s connected to a positive electrode terminal
of the battery unit 12. In the charging circuit 14 of such
configuration, turning on the switch SW1 causes the battery
unit 12 to be charged with a voltage which 1s equal to the
voltage V1 of the external power supply 20 added with the
output voltage V3 of the DC/DC converter 13.

The discharging circuit 15 includes a switch SW2, and a
diode D2. To be more specific, the discharging circuit 13 1s
configured such that one end side of the switch SW2 1is
connected to the positive electrode terminal of the battery
unit 12, and the other end side of the switch SW2 1s
connected to the anode of the diode D2. The cathode of the
diode D2 1s connected to the input/output terminal 11. In the
discharging circuit 15 of such configuration, turming on the
switch SW2 during interruption of the external power supply
allows discharge of power from the battery unit 12 to the
load device 30 through the mput/output terminal 11.

The control unit 16 1s a known microcomputer control
device. The control unit 16 performs the control such as

on/off of the switch SW1 and the switch SW2 based on the

voltage V2 and the temperature etc. of the battery unit 12.

Next, the operation of the uninterruptible power supply
unit 10 will be described further referring to FIG. 1.

The control unit 16 charges the battery unit 12 to a fully
charged state with power of the external power supply 20
during normal time, that 1s, 1n a state 1n which power is being
supplied from the external power supply 20 to the load
device 30. To be more specific, turning on the switch SW1
and turning off the switch SW2 will cause the battery unit 12
to be charged with a voltage equal to the voltage V1 of the
external power supply 20 added with the output voltage V3

of the DC/DC converter 13 (symbol A). Then, after the
battery unit 12 1s charged to a fully charged state, the switch
SW1 i1s turned off. On the other hand, the control unit 16
discharges power of the battery unit 12 to the load device 30
through the input/output terminal 11 by turning on the
switch SW2 1n the event of power interruption (symbol B).

The charging voltage of the battery unit 12 1s a voltage
higher than the rated voltage of the battery unit 12, and 1s
also a voltage needed to charge the battery unit 12 to a fully
charged state. As described above, the output voltage V3 of
the DC/DC converter 13 corresponds to a difference
between the rated voltage of the battery umit 12 and the
charging voltage of the battery unit 12. Also, the rated
voltage of the battery unit 12 1s a voltage same as the voltage
V1 of the external power supply 20.

For example, a charging voltage needed to charge a
battery cell of nickel-hydrogen secondary battery whose
rated voltage 1s 1.35 V to a fully charged state 1s about 1.5
V. Here, the voltage V1 of the external power supply 20 1s
assumed to be 34V. Further, 40 battery cells of nickel-
hydrogen secondary battery whose rated voltage 1s 1.35 V
are connected 1n series to constitute a battery unit 12 whose
rated voltage 1s 34V which 1s same as the voltage V1 of the
external power supply 20. In this case, the charging voltage
needed to charge the battery unit 12 to a fully charged state
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6

1s about 60 V (1.5 Vx40). Therefore, 1t may be specified such
that the output voltage V2 of the DC/DC converter 13 1s

about 6 V.

Since the uninterruptible power supply unit 10 according
to the present invention 1s configured such that the battery
umt 12 1s charged with the charging voltage (voltage
V1+V3) by turning on the switch SWI1, 1t 1s possible to
charge the battery umit 12 to a fully charged state. As a result,
in the uninterruptible power supply unit 10 according to the
present invention, since there 1s no need of performing
time-division charging control as in the conventional art, 1t
1s possible to charge the battery unit 12 to a fully charged
state 1n a short time.

Moreover, the DC/DC converter 13 steps down the volt-
age V1 of the external power supply 20 to a voltage V3
corresponding to a difference between the rated voltage of
the battery unmit 12 and the charging voltage of the battery
unmit 12. For that reason, the uninterruptible power supply
unit 10 according to the present invention can significantly
reduce power loss that occurs 1n the DC/DC converter 13
compared with the conventional art 1n which the voltage V1
of the external power supply 20 1s boosted. Thereby, the
umnterruptible power supply unit 10 according to the pres-
ent 1nvention can significantly reduce heat generation of the
DC/DC converter 13 than 1n the conventional art.

Thus, according to the present invention, 1t 1s possible to
provide an uninterruptible power supply umt 10 which can
be charged 1n a short time without generating much heat.

Second Embodiment

A second embodiment of the present mvention will be
described referring to FIG. 2.

FIG. 2 1s a circuit diagram to illustrate a second embodi-
ment of the uninterruptible power supply umt 10 according
to the present 1nvention.

The uninterruptible power supply unit 10 of the second
embodiment includes, as with the first embodiment, an
input/output terminal 11, a battery umt 12, a DC/DC con-
verter 13, a charging circuit 14, a discharging circuit 15, and
a conftrol unit 16. Then, the uninterruptible power supply
unit 10 of the second embodiment differs from that of the
first embodiment 1n the configurations of the battery unit 12
and the charging circuit 14. Since other components are the
same as those of the first embodiment, the same reference
symbol 1s given to the same component and detailed descrip-
tion thereol will be omatted.

The battery unit 12 of the second embodiment includes a
first battery pack 121 and a second battery pack 122 which
are connected 1n series, wherein the rated voltage thereof 1s
a voltage same as the voltage V1 of the external power
supply 20. In the second embodiment, a voltage equal to the
sum of the voltage of the first battery pack 121 and the
voltage of the second battery pack 122 becomes the voltage
V2 of the battery unit 12.

The charging circuit 14 of the second embodiment turther
includes a switch SW3 and a diode D3 1n addition to the
switch SW1 and the diode D1. To be more specific, the
charging circuit 14 1s configured such that one end side of
the switch SW1 1s connected to a “+” terminal on the output
side of the DC/DC converter 13, and the other end side of
the switch SW1 1s connected to the anode of the diode D1.
The cathode of the diode D1 1s connected to the positive
clectrode terminal of the first battery pack 121. An *“-”
terminal of the output side of the DC/DC converter 13 1s
connected to the negative electrode of the first battery pack

121. Moreover, the charging circuit 14 1s configured such
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that one end side of the switch SW3 1s connected to the
input/output terminal 11, and the other end side of the switch
SW3 1s connected to the anode of the diode D3. The cathode
of the diode D3 1s connected to the positive electrode
terminal of the second battery pack 122.

The charging circuit 14 of such configuration can charge
the first battery pack 121 with the output voltage V3 of the
DC/DC converter 13, and charges the second battery pack
122 with the voltage V1 of the external power supply 20. To
be more specific, the charging circuit 14 allows the first
battery pack 121 to be charged with the output voltage V3
of the DC/DC converter 13 by turning on the switch SW1.
Moreover, the charging circuit 14 allows the second battery
pack 122 to be charged with the voltage V1 of the external
power supply 20 by turning on the switch SW3.

The control unit 16 charges the battery unit 12 to a fully
charged state with power of the external power supply 20
during normal time, that 1s, in a state in which power 1s
supplied from the external power supply 20 to the load
device 30. To be more spec1ﬁc by turning on the SW1 and
the switch SW3, and turning off the switch SW2, 1t becomes
possible to charge the first battery pack 121 with the output
voltage V3 of the DC/DC converter 13 (symbol C), and
charges the second battery pack 122 with the voltage V1 of
the external power supply 20 (symbol D). Then, after the
first battery pack 121 1s charged to a fully charged state, the
switch SW1 1s turned off. Moreover, after the second battery
pack 122 1s charged to a fully charged state, the switch SW3
1s turned oflf. On the other hand, the control umt 16 dis-
charges power of the battery unit 12 to the load device 30
through the input/output terminal 11 by turning on the
switch SW2 1n the event of power interruption (symbol E).

For example, the charging voltage needed to charge the
battery cell of the nickel-hydrogen secondary battery whose
rated voltage 1s 1.35 V up to a fully charged state will be
about 1.5 V. Here, the voltage V1 of the external power
supply 20 1s assumed to be 54 V. Moreover, 40 battery cells
of nickel-hydrogen secondary battery whose rated voltage 1s
1.35 V are connected in series to constitute a battery unit 12
whose rated voltage 1s 54V which 1s same as the voltage V1
of the external power supply 20. In this case, the charging
voltage needed to charge the battery unit 12 to a fully
charged state will be about 60 V (1.5 Vx40). Therefore, 1t
may be specified such that the output voltage V3 of the
DC/DC converter 13 1s about 6 V.

Then, 11 the first battery pack 121 of the battery unit 12 1s
constituted by connecting 1n series 4 battery cells of the
nickel-hydrogen secondary battery whose rated voltage 1s
1.35 'V, the rated voltage thereof will become 5.4 V. Further,
the second battery pack 122 of the battery unit 12 will have
a rated voltage o1 48.6 V 11 it 1s constituted by connecting 1n
series the remaining 36 battery cells of the nickel-hydrogen
secondary batteries. Since the charging voltage needed to
charge the first battery pack 121 whose rated voltage 1s 5.4
V to be fully charged state 1s 6 V (1.5 Vx4), 1t 1s possible to
charge 1t to a fully charged state with the output voltage V3
(about 6 V) of the DC/DC converter 13. Moreover, 1n the
case of the secondary battery pack 122 whose rated voltage
1s 48.6 V, since the charging voltage needed to charge it to
a fully charged state 1s 34 V (1.5 Vx36), it can be charged
to a fully charged state with the voltage V1 (54 V) of the
external power supply 20 1n parallel with the charging of the
first battery pack 121.

In this way, the uninterruptible power supply unit 10 of
the second embodiment allows the first battery pack 121 and
the second battery pack 122 to be charged with the charging
voltage of each (a voltage higher than 1ts rated voltage) by

10

15

20

25

30

35

40

45

50

55

60

65

8

turning on the switch SW1 and the switch SW3. Thus, the
charging of the first battery pack 121 and the charging of the
second battery pack 122 can be performed simultaneously 1n
parallel. Since, accordingly, the uninterruptible power sup-
ply unit 10 according to the present invention does not need
to perform time division charging control as in the conven-
tional art, 1t can charge the battery unit 12 to a fully charged
state 1n a short time.

Moreover, the DC/DC converter 13 steps down the volt-
age V1 of the external power supply 20 to a voltage V3
corresponding to a difference between the rated voltage of
the battery unmit 12 and the charging voltage of the battery
umt 12. For that reason, the uninterruptible power supply
unmt 10 according to the present invention can significantly
reduce power loss which occurs 1n the DC/DC converter 13
compared with the conventional art in which the voltage V1
of the external power supply 20 1s boosted. Thereby, the
uninterruptible power supply unit 10 according to the pres-
ent invention can significantly reduce the heat generation of
the DC/DC converter 13 than in the conventional art.

Thus, according to the present invention, 1t 1s possible to
provide an uninterruptible power supply umt 10 which can
be charged 1n a short time without generating much heat.

EXPLANAITION OF REFERENCE

SIGNS

10 Uninterruptible power supply unit

11 Input/output terminal

12 Battery umit

13 DC/DC converter
14 Charging circuit
15 Discharging circuit
16 Control unit

20 External power supply

21 Power supply line

30 1

[.oad device

The mmvention claimed 1s:

1. An uninterruptible power supply unit, comprising:

an nput/output terminal connected in parallel with a
power line for supplying power from an external power
supply to a load device;

a battery unit whose rated voltage 1s a voltage equal to a
voltage of the external power supply;

a voltage converter that converts the voltage of the
external power supply 1nto an output voltage corre-
sponding to a difference between the rated voltage of
the battery umt and a charging voltage of the battery
unit;

a charging circuit that charges the battery umt with a
voltage equal to the voltage of the external power
supply added with the output voltage of the voltage
converter; and

a discharging circuit that discharges power from the
battery unit to the load device through the input/output
terminal 1n an event that the external power supply 1s
interrupted.

2. An uninterruptible power supply unit, comprising:

an nput/output terminal connected in parallel with a
power line that supplies power from an external power
supply to a load device;

a battery unit which includes a first battery pack and a
second battery back, which are connected in series, and
wherein a rated voltage of the battery unit 1s a voltage
equal to the voltage of the external power supply;

a voltage converter that converts the voltage of the
external power supply 1nto an output voltage corre-
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sponding to a difference between the rated voltage of
the battery unit and the charging voltage of the battery
unit;

a charging circuit that charges the first battery pack with
the output voltage of the voltage converter, and charges 5
the second battery pack with the voltage of the external
power supply; and

a discharging circuit that discharges power from the
battery unit to the load device through the input/output
terminal in an event that the external power supply 1s 10
interrupted.

10
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